Objective: To analyse the current vitamin intake and the contribution of dietary supplements to this intake of 4030 participants of the German Nutrition Survey (GeNuS) 1998, which was part of the representative German National Health Interview and Examination Survey (GNHIES), conducted from October 1997 until March 1999. Design: In the GeNuS participants were interviewed comprehensively about their usual diet and supplementation patterns using a modified dietary history. Setting: Population-based nutritional survey. Subjects: A subsample of 4030 persons, aged 18 -79 y, randomly selected from the GNHIES 1998. Results: The contribution of dietary supplements to the vitamin intake reached 5% for vitamin E among men and 6% for vitamin C among women. Among the group of regular users, the contribution to the vitamin E intake is 36% among men and 43% among women. A substantial part of the population does not reach the current recommendations for some vitamins, especially for folate and vitamin E through their diet alone. Among regular supplement users, about one-third for folate and about half for the other vitamins reach the recommended intake only when supplemental intake is considered. Among the regular users of folate supplements, this proportion is about half.
Introduction
Although a well-balanced Western diet provides sufficient amounts of most nutrients, in Germany, the consumption of dietary supplements has considerably increased in the past decade (Fischer & Döring, 1999) . In this situation, the consumption of supplements may contribute substantially to the average population nutrient intake (Winkler et al, 1998) . Therefore, the inclusion of dietary supplements in a quantitative estimation of nutrient intake on a population level becomes mandatory. In the German Nutrition Survey (GeNuS), which was part of the representative German National Health Interview and Examination Survey (GNHIES) 1998, comprehensive data on the nutrient intake from diet as well as from vitamin and mineral supplements were collected. The purpose of this study was to analyse the vitamin intake and the contribution of supplements to this intake among regular supplement users and nonusers in Germany in 1998.
Methods
The GNHIES was conducted from October 1997 until March 1999. The study population was sampled from population registries, stratified by age, gender, community size and federal state. The response rate of the total survey sample was 61.4%. In total, 7124 free-living German adults, aged 18 -79 y, underwent a medical examination and were interviewed about their drug consumption. The participants were asked to fill in a self-administered questionnaire about health and lifestyle factors like height and weight, smoking habits, income, education and profession and physical activity behaviour. Questionnaires were checked for completeness and plausibility (Bellach et al, 1998; Thefeld et al, 1999) .
Of the 7124 persons who participated in the survey, a subsample of 4030 randomly selected men and women participated in the affiliated GeNuS. Trained nutritionists interviewed the participants comprehensively about their usual diet of the past 4 weeks using a validated computerised modified dietary history (DISHES 98 -Dietary Interview Software for Health Examination Studies; Mensink et al, 1998 Mensink et al, , 2001 . From the obtained quantitative information on foods, the nutrient intake was calculated using the German food composition table 'Bundeslebensmittelschlüssel', version II.3 (Dehne et al, 1999) .
Also during the Dishes Interview the frequency of intake during the past year together with brand names of the following vitamin and mineral supplements was assessed: vitamin B-complex, C, E, folate, multivitamin and mineral supplements. The frequency data were combined with information of the consumed supplement units per day generated from the face-to-face drug consumption interview. A supplementation frequency of at least once a week was defined as regularly. A less frequent supplement use was defined as irregularly. Persons who never took vitamin and mineral supplements were characterised as nonusers.
The quantities of supplement ingredients were calculated based on brand names using an updated supplement composition database (developed by the GSF -National Research Centre for Environment and Health). For folate (pteroylmonoglutaminoacid), this database contains the manufacturer's documented values multiplied by 1.7. This is proposed in literature to be comparable to dietary intake, since the biological availability of industrially manufactured folate is nearly twice as high as from folate-active substances (folate equivalents) in the diet with an average bioavailability of 50% (Hages et al, 1999) .
If the frequency of supplement use but not the brand name was reported, standard amounts of vitamins and=or minerals, defined as the median amount from the corresponding supplements in the composition database, were used. If no information about the number of consumed units per day was available, a standard supplement consumption of one unit per day was assumed. Finally, the total daily nutrient intake from diet and vitamin and mineral supplements was calculated for each individual. An index for social economic status (SES) was constructed using questionnaire information about income, education and profession as proposed by Winkler and Stolzenberg (1999) .
The median vitamin intake with 95% confidence interval of the median with and without supplemental intake was calculated. The intake of nonusers and regular users of supplements was also calculated as a percentage of the current German reference values (DACH, 2000) . The individual appropriate reference values depending on age, gender and on specific living conditions like pregnancy or lactation among women were considered for each person. The differences in the percentages of nonusers and regular users who did not reach the recommended vitamin intakes by diet alone were tested using the w 2 test. This test was also used to examine the differences in the percentages of persons with high body mass index, with upper SES, who are smokers, and who are physically active between the population without the regular users and the regular users.
The values in Table 1 include a weighting factor to improve representativeness for age, gender, community size and federal state. All statistical analyses were performed with SAS package version 8.0 (SAS Institute Inc., Cary, NC, USA), for men and women separately. Vitamin intake from diet and supplements R Beitz et al
Results
In Table 1 the percentages of supplement users and regular supplement users (ie supplementation of at least once a week) by age are presented for men and women in the German population. In addition, information on body mass index, SES, smoking status and physical activity is given for this population without the regular users and, separately, for the group of regular users. In Germany, 38% of men and 48% of women add vitamin and=or mineral supplements to their usual diet. The percentage of persons using such dietary supplements regularly is 18% among men and 25% among women. The percentage of female regular users increases with age. Male regular users more often have a physical activity of more than 2 h per week compared to other men. Among women, regular users more often have a body mass index above 30 kg=m 2 than the other females, and the percentage of ex-smokers is higher among regular users compared to other females.
In Table 2 the dietary and the total vitamin intake (including vitamin and mineral supplements) of men and women is presented. In general, both the dietary and the total intake of vitamins are higher among men, especially the intake of vitamin B 12 , folate and niacin. However, women exceed men in the dietary and total intake of vitamin C. The highest contribution of vitamin and mineral supplements among the male population is found to be more than 5% for vitamin E, and about 4% for vitamin B 1 and C. Among women, the contribution of vitamin and mineral supplements is, with more than 6% highest for the intake of vitamin C and in the same range for vitamin E and B 1 . In general, a higher contribution of vitamin and mineral supplements to the total intake of each vitamin is observed among women, partly due to lower dietary intakes.
The vitamin intake exclusively from the diet of nonusers and regular users of supplements is compared in Table 3 . In addition, the total vitamin intake of the group of regular users is presented. For most vitamins, regular users have a higher intake from diet alone than nonusers. However, these differences are only significant for vitamin B 6 and folate among females. Among regular users, the proportions of vitamin and mineral supplements to the total vitamin intake are at least 13% among males and 17% among females for vitamin B 12 ; these proportions reach up to 36% among men and 43% among women for vitamin E. The total vitamin intake is generally higher among regular users as compared to nonusers.
The percentages of nonusers and regular users who do and do not reach the current recommended vitamin intakes with and without exclusion of vitamin and mineral supplements is presented in Table 4 . Approximately 90% of men and almost 100% of women do not reach the reference value for folate (400 mg=day) solely through the diet. Between 60 and 70% of men and women do not reach the vitamin E reference values (13 mg=day, on average) with their dietary vitamin E intake. Approximately one-third of women do not reach the reference values for vitamin B 1 (1.0 mg=day) and B 2 (1.2 mg=day), and one-third of both genders does not reach the reference value for vitamin C (100 mg=day) through their usual diet. Among regular users these percentages are significantly lower as compared to nonusers for vitamin C and E in both genders and for vitamin B 2 and B 6 (reference value 1.2 mg=day) among women.
About 27% of men (15% above 100% plus 12% above 150% of reference value) and about 29% of women do reach the vitamin E reference values only when supplemental intake is included. Accordingly, 24% of men and 27% of women in the group of regular supplement users do reach Vitamin intake from diet and supplements R Beitz et al users after the inclusion of supplemental intake while they would not reach them with their intake from diet alone. The percentage of persons who do and do not reach the vitamin reference values are also compared for nonusers and regular users of specific vitamins (Table 5) . Among the regular users of vitamin E supplements, about 43% of men and 50% of women reach the vitamin E reference values when supplements are included. Among regular folate users, 48% of men and 66% of women reach the folate reference values while they would not reach them without folate supplements. The percentage of those persons who reach more than 150% of the vitamin reference values is highest among regular users of vitamin E supplements (19% among men and 31% among women).
Discussion
The German Nutrition Survey 1998 provides the most recent national data on nutrient intake as consumed from usual diet and additionally from vitamin and mineral supplements. The prevalence of regular supplement use (ie at least once a week) is 18% among men and 25% among women. Vitamin C and multivitamin supplements were the most frequently consumed supplements as we previously reported (Mensink & Ströbel, 1999) . The actual prevalence and the presented age and gender dependency of regular supplement use is in accordance with those found in recent other dietary surveys (Block et al, 1988; Subar & Block, 1990; Slesinski et al, 1995; Schellhorn et al, 1998) .
The survey participants were interviewed about their usual diet of the past 4 weeks, whereas they were asked about their vitamin and mineral supplement usage of the past year. Nevertheless, it was supposed that the reported supplemental intake also represents the actual intake. For the calculated vitamin intakes from vitamin and mineral supplements, products like garlic pills, juices, energy drinks or apple-vinegar were excluded, because these products had no vitamin content, were rarely reported, or were reported in the dietary assessment. Nevertheless, it may be that for some individuals the real total intake of vitamins is somewhat underestimated by this exclusion.
In general, the total vitamin intake of regular supplement users is higher than that of nonusers. Even the dietary intake is higher compared to nonusers, although a significant higher intake is observed for vitamin B 6 and folate among women only. This, together with the observed differences in smoking status and physical activity may be an indication that regular supplement users are in general more healthconscious than nonusers. The generally higher vitamin intake of men compared to women may be largely due to a higher food consumption among men, and this may also partly explain the higher contribution of vitamin and mineral supplements to the total vitamin intake among women.
Folate reference values in particular are difficult to reach, because most foods are relatively poor in this vitamin. Also, the actual folate reference values have been increased from 200 up to 400 mg=day in the view of its role in the prevention These percentage sum to the presented percentage of the regular users whose intake is below the reference without considering supplements (column 2). Equivalents. *Significant difference (P < 0.05) between the percentages of nonusers and regular users with a dietary vitamin intake below the reference value using the w 2 test.
Vitamin intake from diet and supplements R Beitz et al of neural tube defects and cardiovascular diseases. Our results show that a substantial part of the population does not reach the recommended level of intake for some vitamins with their usual diet, especially for folate and vitamin E. Among regular users, this percentage is, however, generally lower than among nonusers. Among the group of regular users who would not reach the reference values by diet alone, about one-third for folate and about half for the other vitamins reach these reference values with the inclusion of supplemental intake. Among regular users of folate containing supplements, about half of the men and threequarters of the women reach the folate reference values with the inclusion of regular folate supplemental intake. Even all male regular vitamin B 1 supplement users reach the reference value when the intake of vitamin B 1 supplements is included.
There is a substantial part of the regular supplement users (and even more when the regular use of specific supplements is considered) who reach more than 100% of the vitamin reference values only when supplemental intake is considered. However, a small percentage for most vitamins, but more than 10% for vitamin E and about 30% for folate, still does not reach the specific reference values with the inclusion of the specific vitamin supplements.
A common problem in the assessment of diet in surveys is the under-reporting of total food intake indicated by low energy reporting. This could have an impact on the presented results. Therefore, the influence of low energy reporters was considered in the analysis using the following procedure. Basal metabolic rate (BMR) was calculated using the formulas of Schofield (1985) . Low energy reporting was defined with an energy intake below 1.27 Â BMR as proposed by Goldberg et al (1991) . If low energy reporters were excluded from the analysis, about 13% higher vitamin intake among nonusers and among regular users was found. The percentage of persons who did not reach the vitamin reference values was about 8% lower. In essence, however, differences were similar and the results for the vitamin intake and for the contribution of vitamin and mineral supplements were equivalent to those presented. The results were identical when persons with extreme vitamin intake (13 persons) were excluded.
Although the 100% of reference values was used as a criterion, it is generally known that not all individuals need this level of intake on a daily base for sustaining health. Therefore, the same analyses as presented in Table  4 were performed comparing the vitamin intake with 75% of the recommended daily intake. These showed that for folate about 60% and for vitamin E about 35% of men and women still did not reach 75% percent of the reference value. Nevertheless, using the 75% cut-off, among the group of regular users, about one-third for folate and about half for the other vitamins still did reach more than 75% of the reference value with the inclusion of supplemental intake.
Using supplements regularly could lead to extremely high vitamin intake. This should be avoided for vitamins A, D and E, in particular. A daily intake of 30 -60 mg vitamin A over months and years could lead to a chronic vitamin A poisoning with symptoms like dry lips, skin lesions including dryness and scaling, hair loss or bone pain in the early stages and thinning and fractures of long bones and liver disorders later. Smokers, in particular, should additionally avoid a very high intake of b-carotene (20 -30 mg=day), because of its observed association with lung cancer mortality (Bässler et al, 1997; Omenn et al, 1996) . A very high oral intake of vitamin D (100 times normal physiological requirements) results in increased enteric absorption and bone resorption of calcium, producing hypercalcemia, leading to a deposition of calcium in soft tissues, especially heart and kidney, but also blood vessels and liver (calcinosis). Attendant symptoms of this hypervitaminosis D are vomiting, headache, drowsiness, diarrhea and polyuria. However, excessive sunlight exposure does not lead to vitamin D intoxication. An intake of more than 800 mg vitamin E per day is considered to be toxic. Headache, fatigue, nausea, muscular weakness and gastrointestinal distress are symptoms of this intoxication (Combs, 1998) .
In our study, about 10% of the group of regular users reach more than 500% of the vitamin C reference value with the inclusion of supplemental intake. About 13% of women reach more than 500% of the vitamin E reference value. Relatively few persons (13 men and 12 women) exceed the tolerable upper intake level for vitamin C (1000 mg=day) according to DACH. An intoxication for vitamin C, however, has yet not been described. Nevertheless, supplement users may use products with nutrient amounts less than or equal to the corresponding reference values to avoid any possible toxic intake.
In future studies the more specific inclusion of fortified foods in the estimation of nutrient intake should also be considered to get more accurate data on the individual nutrient intake (Block et al, 1994) . Kersting et al, (1995) reported six food groups to be fortified in Germany including beverages, sweets, breakfast cereals, milk products, powdered beverages and convenience foods. However, to our knowledge, in Germany currently no representative information about use of fortified foods is available and this information is also lacking in the food composition table. The inclusion of brand names of fortified foods in food composition databases is one condition for estimating nutrient intake more accurately.
On average, most of the recommended vitamin intake levels are met, although a substantial part of the population reaches the reference values only if the vitamin intake from supplements is added to the usual diet. Therefore, if the reference values are considered to be the preferred intake, approximately 30 -50% of the supplement users benefit from their regular supplementation. This percentage is substantially higher with respect to regular users of specific vitamins, and is approximately 50 -100%. Nevertheless, the remaining population remains below the reference values with the inclusion of supplemental intake or already Vitamin intake from diet and supplements R Beitz et al have an intake above 100% of reference values without the inclusion of supplemental intake. Recent epidemiologic findings suggest that for possible health effects a more holistic approach of foods rather than of specific nutrients is necessary. Future research should analyse differences in health outcome of nutrients provided as supplements in comparison to its natural form. In conclusion, persons should preferably try to consume a wellbalanced diet based on natural foods. Although dietary supplements currently provide a substantial contribution to total vitamin intake with respect to adequacy for especially regular users in Germany, they should be used as what they are -as supplements -not as substitutes.
